The aim of this work was to evaluate the effect of the yield and morphological components of the maize crop according to different levels of defoliation in the phenological stages of the crop. The experimental design was a randomized block with 7 treatments and 4 replicates. The treatments were: control without defoliation (SD), removal of two leaves (2L-V4) and four leaves (4L-V4) in the V4 stage , removal of the leaves of the lower third (LT-VT), removal of the middle third (MT-VT), removal of the upper third (UT-VT) and total removal (SF-VT) of the leaves in the VT stage. Plant height and spike insertion, number of grains, number of rows, grains per rows, one thousand grain mass and yield were assessed. Plants with total leaf removal had the lowest rates in all aspects evaluated. The number of rows, kernels per row and kernel per spike showed little or no variation in the treatments with partial defoliation. The treatments with removal at the middle and upper third had the lowest values for the analyzed variables when compared to the plants with partial defoliation. The results of this work indicate that the defoliation process can damage the corn yield performance.
Introduction
Corn (Zea mays L.), is one of the most cultivated crops in the world, making it the second most produced grain on the planet. World production of corn in the 2015/2016 crop was of 959 million tons, with a production outlook for the 2016/2017 crop of 1.03 billion tons. In this context, Brazil is the third largest producer of the grain, with 84 million tons (Fiesp, 2016) .
The corn crop is characterized by the high capacity of radiant energy conversion in biomass production. Each seed has a mass of approximately 0.26 grams, and in the course of its cycle multiplies the initial weight by approximately 1000 times, producing from 180 to 250 grams of grains, and generating a plant with total biomass of 800 to 1200 grams (Fancelli, 2010) .
The amount of leaf area of a crop defines its photosynthetic potential and this variable depends on the size, number and stage of development of the plants. In the plant cycle, the leaf area grows until reaching a maximum, where it remains for a certain time and with the senescence of the older leaves begins to decline in the more advanced stages of the development of the plants. Thus, the equation between leaf volume, leaf exposure time and photosynthesis, and plant production in a direct ratio between these factors is evident (Alvim et al., 1999) .
In order for plants to efficiently express their genetic potential in productivity, it is important that they acquire the highest leaf area index in the shortest time possible, so that the interception and efficient use of this energy is maximized. The potentiation of photosynthesis improves the distribution of assimilates in the ideal proportion for the formation of leaves, stems, roots and reproductive structures, keeping these processes at the lowest possible cost for the plant (Loomis & Amthor, 2001 ).
The productive potential of the maize crop is defined from the V4 and V5 stages, where the floral differentiation occurs, giving rise to the tassel and also to the spike, besides the differentiation of all the leaves. In the V8 stage, the number of rows of grains is defined and then the number of ova per row (Rezende et al., 2015) . Foliar damage at these stages may cause variations in agronomic characteristics affecting productivity as well as the physiological quality of the grains (Pereira et al., 2012) .
The decrease in leaf area occurs due to damage caused to the leaves of maize plants. These damages may be related to drastic climatic phenomena, such as the occurrence of frost and hail (Lima, 2010) . However, the greatest difficulties related to defoliation in the production of high-investment hybrids are usually the damages caused by chewing insects, and in this context the caterpillar of the corn cartridge Spodoptera frugiperda is highlighted (Lourenção & Fernandes, 2013) .
The pest attack contributes to the entry of pathogens, causing lesions in the upper parts of the leaves, compromising the leaf area (Pinto, 2005) . The early loss of leaves restricts the uptake of light and the transport of photo-assimilates to the reserve tissues, compromising the development of grains (Bortolini & Gheller, 2012) .
Therefore, in order to measure foliar damages caused by several factors that could cause crop damage, this study aimed to evaluate the effect of maize crop productivity and morphological components according to different levels of defoliation in the phenological stages of culture.
Material and Methods
The experiment was carried out in the city of Toledo, Paraná, Brazil. The experiment site is located at 24°43′17.81″ S and 53° 46′45.54″ W, at an altitude of 540 m above sea level. The local climate is classified according to Koppen type Cfa, subtropical with well distributed rains during the year and hot summers between 28 and 29 °C, with an average annual temperature varying between 22 and 23 °C. The rainfall total annual average for the region varies from 1.600 to 1.800 mm (Iapar, 2006) . The soil of the experimental area is classified as Eutroferric Red Latosol of very clayey texture (Embrapa, 2013) .
The experimental design was a randomized complete block (RCBD), with 7 treatments and 4 replicates, being: control without defoliation (WD), removal of two leaves (2L-V4) and four leaves (4L-V4) at the V4 stage, removal of the lower third(LT-VT), removal of leaves from the medium third (MT-VT), removal of leaves from the upper third (UT-VT) and total leaf removal (SL-VT) at the VT stage.
The experimental plots were composed of 6 rows with spacing between rows of 0.45 m by 6 meters in length, totaling 16.2 m 2 of area. Before sowing the maize crop, the area was desiccated with glyphosate at a dose of 2.8 L ha -1 , aiming at greater sowing and favoring the initial development of maize.
The experiment was implemented on February 2016, marking the lines with the aid of the sowing in the system of minimum cultivation, where the predecessor crop was soybean. The hybrid used was CD3612PW, which has a medium cycle of 130 days with some grain characteristics, such as hadness, lodging resistance, mean spike insertion height of 105 cm and average plant height of 220 cm, the hybrid recommendation was population density of 60 thousand ha -1 plants.
The sowing was carried out manually with the help of the precision ratchet and two seeds were placed per pit. After the emergence, the thinning of the plants in the V2 stage was carried out, 350 kg ha -1 of the NPK 08-20-20 formulation was used in the base fertilization, and afterwards the cover fertilization was applied at a dosage of 75 kg ha -1 , carried out in the phenological stage V6.
During the development of the crop, it was necessary to perform the pest control, due to the high presence of Spodoptera frugiperda, applying the physiological insecticide of the chemical group Benzoylurea, in the dosage of 300 mL ha -1 in the phenological stage V3. For weed management, the control was carried out by manual weeding at the phenological stage V2.
When the crop showed complete maturation at 135 days after sowing (DAS), the plants were harvested manually in a useful area of 9 m 2 (4 lines × 5 meters), discarding the lines of the border and 0.5 meters of each side, to avoid the border effect in the variables to be analyzed.
The evaluations were carried out from the maturation of the plants, where 10 plants were randomly collected within the useful area of the plot, being determined the height of plants, the measurement was carried out with the aid of a scale graded in cm, having as references the surface from the soil to the apex of the plant; the height of the insertion of the spike with the aid of a scale graded in cm and taking as reference the soil surface to the base of the spike and, stem diameter being measured with the aid of a digital caliper in millimeters, the measurement being carried out at about 10 cm above the soil surface.
After the measurements related to plant morphology were carried out, the evaluations of the productive variables were carried out. For this, 10 spikes were harvested at random within the useful area, which were manually destemmed to determine the following characteristics: number of rows of grains, performed in the middle third of the spikes where the rows were completely differentiated and formed by manual counting; number of grains per row performed by direct counting of the grains contained in a completely differentiated row from the base to jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 1; 2018 the apex of the spike; number of grains per spike determined from the manual threshing of the spikes, with subsequent counting of the grains present in the spike.
Finally, we evaluated the productivity of the spikes harvested in the useful area, which were submitted to a mechanical track, afterwards weighing the grains in a 0.001 g precision scale, obtaining the productivity per plot and extrapolating the values for productivity per hectare, performing the correction of humidity to 13%. It was also evaluated the thousand grain weight (TGW), and with the grains obtained in the productivity analysis, 8 samples of 100 grains were separated, weighed in a precision scale of 0.001 g with the result extrapolated to the amount of one thousand grains.
After the data were collected, they were tabulated and submitted to analysis of variance using the F (p < 0.05) test, using the statistical program Sisvar (Ferreira, 2011) , and when the value of f was significant, the averages were submitted to the Tukey test at 5% error probability.
Results and Discussion
For the variables related to plant morphology, spike insertion, plant height and stem diameter, variance analyzes showed significant differences (p < 0.05) when evaluating different levels of defoliation in corn crop (Table 1) . 
Note.
1 Means followed by the same letter in the column do not differ at the 5% level of error probability by the Tukey test. Considering the variable insertion of spikes, the plants that were not defoliated presented the best performance, with 104 cm. Plants in the treatments performed with the withdrawal of 2 leaves and 4 leaves in the V4 stage, as well as the plants that removed the leaves of the upper third and the leaves of the lower third did not differ from the control. However, the plants in the treatments with total removal of the leaves and the leaves of the middle third did not differ among themselves, presenting height of insertion of spikes inferior to the other plants of the treatments compared.
For the variable plants height, the ones that obtained the best results were in the treatment without defoliation with 192 cm, however, it showed to be similar to the plants in the treatments of the removal of two and four leaves in the V4 stage, as well as the plants that had the upper third and lower third removed. However, the plants in the treatments with total leaved removal and removal of the leaves of the middle third, showed the lowest heights of plants compared to the plants of the other treatments. Resende et al. (2014) found that, in general, the greater the amount of leaf area removed, the lower was the plant height and the height of spike insertion.
For stem diameter, the best performance was of the plants in the treatment without defoliation. Sequentially, the plants in the treatments with removal of 2 leaves and of 4 leaves in the V4 stage and the removal of the leaves of the lower third, obtained results similar to the one of the control, not having any difference among each other. In turn, the stems of the plants with the smallest diameters were found by means of the treatments with the total jas.ccsenet.org Journal of Agricultural Science Vol. 10, No. 1; 2018 removal of the leaves and removal of the leaves of the middle third, these presenting similar results among themselves. Alvim et al. (2010) , evaluating the effects of the defoliation performed in the R2 stage, obtained data that prove the source relationship that the stem exerts on the plants supplying metabolites in quantity capable of partially satisfy the demand of the plant even in conditions of severe defoliation, fact that explains the reduction of stem diameter thickness that occurs at the time of defoliation.
For the productivity components of number of rows per spike, grains per row and grain per ear, analysis of variance showed significant differences (p < 0.05), showing the lowest results when the plants were submitted to total defoliation, which did not present grain production by the spikes (Table 2) . 
1 Means followed by the same letter in the column do not differ at the 5% level of error probability by Tukey test. 3 10 replicates per variable were used.
According to Ritchie et al. (2003) , the total removal of leaves due to hail in the VT stage, causes total loss of production, corroborating the results obtained by the defoliation performed in the present study.
In a study conducted by Alvim et al. (2010) , with different levels of defoliation in the R2 stage, they found that the treatments did not present significant differences among the number of grains per spike, which refers to the capacity of reallocation of the reserves contained mainly in the stem, ensuring that the plants achieve, although with lower mass, establish the grain formation in the normal way.
As well as in the other variables, the number of grains per spike obtained the lowest indices when the plants were submitted to the treatment of total removal of leaves, not obtaining grain yield. However, when the leaves of the middle and upper third were removed, the plants had the lowest indices, when compared to the plants that had the leaves removed in the V4 stage and those of the lower third, but still superior to the treatment of total removal of leaves. Romano (2005) emphasizes that the apical region of the corn ear is the most affected in grain development, when it is submitted to defoliation of the upper thirds of the plant.
For thousand grain weight (TGW) and productivity, the analysis of variance showed a significant difference (p < 0.05), as presented in Table 3 . The plants in the treatment with total removal of leaves did not present grain production differing from the other treatments. Afterwards, the plants in the treatments with removal of the leaves of the middle and upper third presented inferior results for both TGW and productivity, being superior only to total defoliation. Note. 1 Means followed by the same letter in the column do not differ at the 5% level of error probability by the Tukey test. 3 4 replicates per variable were used. Camacho et al. (1995) indicate that approximately half of the carbohydrates present in the grains originate from the leaves that are in the upper third of the plant, and it is evident that the greatest impacts on TGW were caused when the leaves were removed in the middle and upper thirds. The plants with defoliation in the lower third, and of two and four leaves in V4 stage did not differ among themselves, but TGW was lower than that of the control that obtained the highest weight (337.5 g), which, in turn, did not differ from that of plants with two leaves removed in V4.
For the productivity, the plants that did not suffer defoliation stood out with 7766.20 kg ha -1 , however, this result did not differ from the other plants that had the leaves removed in V4. The level of production obtained through the above mentioned treatments is considered satisfactory, and the average productivity in the west of Paraná in the 2016/2016 season was 5.091 kg ha -1 (Conab, 2017) . Resende et al. (2014) found that even with the withdrawal of 4 leaves in the initial stages of the crop development (V4), the loss of productivity is minimal, a similar result is found in the present study where there was no difference, evidencing that the crop has wide capacity of recovery when under stress in the early stages. Unlike Lima and Assmann (2015) , they reported that when evaluating the defoliation caused by Spodoptera frugiperda in corn, there was a greater loss of productivity in the early stages, accentuating in the V6 stage.
If the removal of leaves from the lower third, the loss of productivity in relation to the plants that did not suffer defoliation was 9.5%, a similar result was found by Romano (2005) , who evaluated the plants submitted to defoliation of the lower third and obtained a reduction of 4.4% in productivity in relation to the control.
The plants that had leaves removal in the upper and middle third, had losses of 23% and 30.7% respectively, in relation to the plants without defoliation. This variation can be explained by the fact that the leaves inserted in the various stem positions are responsible for the supply of photoassimilates to certain parts of the plant. In this way, the leaves of the lower third are responsible for the supply that the roots need, while the leaves of the middle and upper third are responsible for the upper organs of the plant, acting on the spike and grain formation (Brito et al., 2011) .
The plants that had the total removal of the leaves in the stage of VT did not obtain spike formation. Alvim et al. (2010) obtained contrasting results with a 79% lower yield than the control when carrying out the total removal of leaves, but the phenological stage of the crop was in R2, in other words, the formation and pollination of the ears had already occurred.
In the corn crop, the period covered between the vomiting (VT) and that of the milky grains (R3) is considered critical for the crop, and it is during this period the plant needs maximum photosynthetic capacity, being evident that any factor that damages the area foliar, as the occurrence of diseases directly influences the process of grain production and consequently in crop productivity (Cruz et al., 2011) .
Conclusion
The total defoliation of plants in the VT stage causes no spike formation, besides reducing plant height and spike insertion in the maize crop. Leaf withdrawal in the early stages of the crop does not compromise the productivity components. Depletion levels in the VT stage interfere with crop productivity.
